This paper presents impacts of a proposed instructional framework of scaffolding creative problem solving through question prompts in project-based community service learning on students' learning dispositions and outcomes. The presented results were obtained based on analysis of the collected data from students in the past implementation. The participants were freshmen from a historical black university, who were registered in a general entry course that requires the community service. Through different delivery methods -seminar (or traditional lecture), online learning materials, and online materials with emailed prompts, the scaffolding was provided to participants as additional course instructions with meta-cognitive prompts, procedural prompts, elaboration prompts, and reflective prompts, as well as prompts of creative problem solving strategies. While a previously published ASEE conference paper reported the correlations among application of question prompts, students' learning process and learning outcomes of their project-based community service learning based on collected students' learning data, this paper reveals impacts of the scaffolding through different delivery approaches on students' perceptions on creative problem solving, self-efficacy, identity, and application of creativity strategies. It also confirms the correlation among application of prompts and students' learning process and learning outcomes, and compares the available results of data analysis from two implementation years. The results from data analysis indicate that scaffolding creative problem solving through freshmen's project-based service learning may in general enhance student's self-efficacy, strategies application, and interest in engineering. Among three intervention approaches, the traditional seminar approach to introducing creative strategies and question prompts may particularly promote students to apply cognitive strategies and questions prompts and enhance their confidence in their ability. The online learning of creative strategies and question prompts may be more effective in scaffolding students' learning process and enhancing students' learning outcomes. The online learning with emailed prompts may be more effective in fostering students' self-efficacy and learning of methodology, and strengthening their interest in creativity and engineering, as well as their career identity.
Introduction
Nurturing creativity and metacognitive skills of undergraduate students is critical for U.S. to maintain its global competitiveness, economic prosperity, and security. Creativity is defined by some cognitive researchers as the introduction of new variables, significant leaps, or novel connection, and is a process resulting in a novel products 1, 2 . Torrance concluded three characteristics of creativity: originality, idea fluency, and flexibility, and claimed that every person has his or her creativity and that creativity could be cultivated 3 . Amabile established a psychological model of creativity that includes four factors: intrinsic motivation, domain knowledge, creative skills, and environment 4 . Metacognition refers to the awareness of and reflection on one's learning process and is higher-order mental processes 5, 6 . Metacognition includes making plans for learning and applying appropriate strategies to acquire information, solve problem, and evaluate the result and the process of learning 6 . Metacognition consists of two main components: metacognitive knowledge and metacognitive experiences 7 . Previous studies have proved that metacognitive training can significantly improve students' academic performance 8, 9 . Page 26.585.2
Creative problem solving skills can be defined as an approach to innovatively identify and solve problems and are frequently emphasized in engineering design. The process of engineering design can be described as repeated cycles of a multiple-phase model: defining the problem, gathering pertinent information, generating multiple solutions, analyzing and selecting a solution, and testing and implementing the solution. Thus, engineering design is frequently employed to foster students' creativity development 10, 11, 12 . Cropley demonstrated the effectiveness of lectures on creativity in promoting students' innovation in the machine design 13 .
Many faculty members have recognized the importance of creative problem solving skills. However, they may not know and adopt the findings from educational research on such skill development into their course instructions to foster creativity and metacognitive skill development for their students, or may not have opportunity to provide explicitly such instruction for nurturing this skill development due to limited time and over-packed course contents. As a result, traditional education in science, technology, engineering, and mathematics (STEM) usually overemphasized on memorization of knowledge and procedures rather than higher-order thinking skills, such as creative problem skills 14 . Most students did not receive explicit instructions on development of creativity and metacognitve skills from their instructors in their major courses 15 .
The problem-based service learning (PBSL) may offer unique opportunities different from the traditional learning for students to face real world problems that may demand innovative solution through creative problem solving processes. Thus, the PBSL may be utilized as a platform to develop creativity and metacognitive skills of students. Nevertheless, students may not spontaneously develop their creative problem solving skills or may not know how to effectively develop innovative solution. Thus, the instructional support or scaffolding may be provided to students to provoke or guide their creative problem solving processes, particularly in their PBSL. A commonly used scaffolding method for indirectly guiding the assessment and regulation of learners' learning and problem solving processes is prompts 16 . Rosenshine and Meister proved the advantages of the use of question prompts in directing students' attention to important aspects of the problem, activating their schema, eliciting their explanations, and prompting them for self-monitoring and self-reflection 17 . Davis and Linn also found that reflective prompts nurtured students' knowledge integration and encouraged reflection 18 .
Even though there are many claimed beneficial outcomes for students from the projectbased service learning (PBSL), there is limited research that provides data-based evidence to support these claims. McCormick et al. 19 had made prior efforts in this area and first conducted experimental studies to test the hypothesis that PBSL can serve as a mechanism that can allows students to develop the necessary problem solving skills. Their studies used four-open-ended questions to evaluate the analytical skills, practical skills, creative skills of students who participated in PBSL (N=11) and compared them with those of students who did not participated in PBSL (N=33). The test results indicate that students with the PBSL experience had a higher skills level than those who have not had a PBSL. However, they suggested that the conclusion from their studies required further evaluation on larger sample with more diverse group of students, and further research should also identify if the amount experience and the students' personal background play significant roles that affects the test results 19 .
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While a previously published ASEE conference paper reported the certain correlations among students' application of question prompts, and their learning process and learning outcomes of the project-based community service learning based on the first year implementation 20 , this paper attempts to reveal impacts of scaffolding creative problem solving through question prompts on students' perception on creative problem solving, selfefficacy, identity, and application of creative strategies based on data collected from the subsequent year implementation. This extended work furthered the existing correlation analysis of scaffolding creative problem solving through question prompts. This work is continuously conducted among freshmen within a historical black university. It is expected that its findings may offer useful guideline for the education practice through PBSL for fostering creative problem solving skills with those minority students. 
Methodology
The research was carried out at a historically black university where about 90% of students are African American. All students registered in an entry-level course -University Success 100 at authors' institution were required to participate in community service. The research participants were students from several selected courses of University Success 100, whose instructors agreed to adopt the proposed scaffolding as additional instructions for their courses. As a part of course assignment, the students from those courses were required to identify the problem needed to be solved in their community service sites, collaborate with their team members, design innovative solutions to the problems, and evaluate and reflect the process in their community service learning projects. In 2013 implementation, totally 9 classes consisting of 411 students were involved. Each class was randomly assigned into one of four groups and provided with scaffoldings through different approaches except the classes assigned as a control group. Those students' participation in the self-report survey is voluntary. The research plan was reviewed and approved by the IRB at the authors' institution.
Thus, four groups of classes were formed with the same requirement for service learning project and different instruction approaches as shown in Table 1 . This aimed to make the intervention easily implemented and collect more valid data. All Students in the course were provided with printed copies of community service learning project requirements and grading criterions. The project assignment required students to write their learning journals to help them review their thinking process and reveal their application of creative thinking skills in the process of their community service learning, and complete their final project reports to present their projects. Detailed requirements for the problem-based service learning can be retrieved from the previously published ASEE conference paper by Zheng et al. 20 The different types of scaffolding were provided to students in different class sessions during the period of their community service learning over the fall semester. The different scaffolding is shown in Table 1 . The Group A was control group and was not provided with Page 26.585.4
no scaffolding. The Group B was provided with one seminar and the printed handouts on how to think creatively in their study and daily life, as well as question prompts for creative problem solving. The Group C provided with the online reading materials, which was the same as those printed handouts provided for the Group B. The group D received the online materials same as those provided to the Group B, as well as regular e-mails on the question prompts sent by the research team to remind students to use those prompts during their service learning process. The provided question prompts included metacognitive, procedural elaboration, reflective and creative problem solving prompts, which can be found in the previously published ASEE conference paper by Zheng et al. 20 
Data collection and results from data analysis
The presented data were obtained through students' self-report surveys, as well as students' learning journals and project reports submitted to instructors. Those self-report surveys were developed by authors based on various accepted instruments, and asked students to rate each survey item in the 1-5 Likert scale. Those survey items can be found from the result tables in the subsequent sections, including those on students' perception related to creativity and their learning creativity in both the pre-test phase and the post-test phase, as well as those on students' satisfaction and utilization of question prompts for selfregulated learning and creative problem in the post-test phase. In addition, students were surveyed on their preferred approaches and formats for delivering the scaffolding in the posttest phase. A rubric had been developed for coding the collected learning process journals and project reports 20 . The coding results were used for assessing students' process and outcomes of creative problem solving in their project-based service learning project.
Perception change among students from the intervention group and control group
Students' perception change was measured by the difference between the pretest and the posttest and analyzed by using T-test. Results from the analysis are tabulated in Table 4 .1-1 and Table 4 .1-2 for the invention group and the control group respectively. Comparisons between the pretests and posttests of the perception survey of the intervention groups (Group B, C, and D) showed that (see Table 4 .1-1) there were increase with a statistical significance in two survey items: "Learned creativity in class" and "Self-awareness of creativity strategies" with the effect size of 0.19 and 0.33, while there were not such significant increase for students in the control group (see Table 4 .1-2). Those results indicate the proposed interventions through question prompts have the positive impacts on students' learning creativity and their awareness of creativity strategies. It also be noted that the students in the intervention groups indicate the increase of their perception on "methodology and strategies" of creativity and "utilizing creativity strategies", while the students in the control group experienced no change or even decrease in those two measurements respectively. This may also indicate the potential positive impacts of the intervention on students.
Comparison between the intervention groups and control group also indicate that students from both groups experienced the decrease with a statistical significance in their perception of their improved creativity. This may suggest that the proposed intervention through Page 26.585.5 question prompts might not have impact on students' perception on their increased creativity. Furthermore, students in the intervention groups demonstrated the increase with a statistical significance in their perception on "Fixed intelligence", while the students in the control group did not change significantly in this measurement. This may imply that the intervention might have the impact of enhancing students' belief that the intelligent is fixed and inborn and can not be changed.
Students in intervention groups reported the increase in "learned creativity in class" and "self-awareness of creativity strategies". On other hand, they indicated their decrease in "creativity improvement with instruction", and their increase in "Belief in fixed intelligence". Those results seem contradict, but actually can be consistent. This can be explained as follows: if some students found these creativity strategies were beyond their capacity and can not be mastered, they might become more believed in fixed intelligence. If other students found that these creativity strategies were easy for them, their expectations for learning might not be met. Both cases could lead to the decrease in their perception of "creativity improvement with instruction" and increase in their "belief in fixed intelligence". 
Impacts from different interventions
Students' perception change for each intervention groups was measured by the difference between pre-test and post-test and analyzed by using T-test. Results from the analysis are tabulated in Table 4 .1-3, 4.1-4, and Table 4 .1-5 below for the seminar group, online learning group, and online learning and e-mail reminder group respectively.
Results in Table 4 .1-3 demonstrate that the perception changes of students in the seminar group have slightly negative effect size after the seminar intervention. However, students' perception of "methodology and strategies" and "importance of creativity" decreased significantly, while the growth in the perception of "belief in fixed intelligence" was significant. It indicates that most students did not think they gained knowledge of creativity and engineer design approach from the seminar, but they believed more in fixed intelligence.
As indicated in Table 4 .1-4, students in the online learning group showed significant increase in their perception of themselves as a "creative person", "knowing about creativity". They also demonstrated significant growth in their perception on "learned creativity in class", knowledge of "methodology and strategies", "self-awareness". In addition, some other factors also had the positive effect size, such as "interests in engineering", "taught creativity in class", "importance of creativity", and "utilizing creativity strategy". Those results indicate that online intervention may be effective in helping students gain knowledge of creativity and utilizing creativity strategies in comparing with the seminar group. However, they also indicated that their increased "belief in fixed intelligence" with a statistical significance.
For the Group of Online Learning with E-mailed Prompts (Group D), Table 4 .1-5 shows that the scores on students' perceptions of "learned creativity in class", "methodology and strategies", "self-awareness" in posttest was significantly larger than those in pretest for Group D in the similar way as those shown in the online learning group (Group C), but have Page 26.585.7
even lager effects on them than those in Group C. The results in Table 4 .1-5 also indicated significant increase in students' perception of "utilizing creativity strategy", which is not demonstrated among the students in the in the online learning group (Group C). However, students in Group D did not indicate any significant increase in their perception of being "creative person" as the students in the online group did. They may even show the increased "belief in fixed intelligence". 
Impacts on Self-efficacy, Identity, and Application of Creativity Strategies
The comparison of impacts on students' self-efficacy, identity, and application of creativity strategies among three interventions are shown in Table 4 .2-1, Table 4.3-2, and  Table 4 .3-3. Table 4 .2-1 demonstrates the comparison between the seminar and online learning groups, and indicates that there is not significant difference among the two groups. However, the online learning group had higher scores than the seminar group in "better creativity, better academic", "succeed to solve if using strategies", "professional identity", "career identity", "interests in opinion for engineers", "belong to engineering", "Engineer's honors", "adopting engineering approach", "more interested in engineering", and "wish to be engineering major". The results showed that the online learning might be more effective in strengthening students' interest in engineering and their career identity, while the seminar might enhance with students' application of cognitive strategies to learn and question prompts to solve problem, and increase their confidence in their ability. The comparison between the seminar group and the group of online learning with e-mail prompts (see Table 4 .2-2) demonstrate the significant difference in the measurements of "better creativity, better academic", "wish to be engineering major", and ""interest in opinion for engineers". Students in online learning group with e-mail prompts had significantly higher scores than those in the seminar group. The results also indicate that the online learning with e-mail prompts enhanced students' career identity and helped students understand the Page 26.585.10
importance of creative thinking, while the seminar reinforced students' confidence in their ability and their application of cognitive strategies.
Even though the comparison between the online learning group and the group of online learning with e-mail prompts did not show significant difference, students in the group of online learning with e-mail prompts demonstrated higher scores in most measurements. The results particularly indicate that the online learning with e-mail prompts may exert more positive influence on students' self-efficacy, identity, and creativity development. Note: the online learning with e-mailed prompts group, n2=45, the online learning prompts group, n1=64.
Impacts on students' satisfaction and learning experience
Comparison of students' satisfaction and learning experience among three intervention groups are shown in Table 4 .3-1 and Table 4 .3-2. The comparison between the seminar group and online learning groups tabulated in Table 4 .3-1 demonstrated that the seminar group gained more knowledge from question prompts, while the online group spent more time on guideline. The results imply that the online learning group might learn more through their self-regulated learning. The results in Table 4 .3-2 implies that students in the group of online learning with e-mailed prompts understand more about the application of question prompts, while those in seminar group applied them more in the course learning. However, in general, there is no significant difference in students' satisfaction and learning experience on the presented instructional framework among three different intervention groups.
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Preferred approach to scaffolding creative problem solving
The results from survey on preferred instruction approach to scaffolding creative problem solving are tabulated Table 4 .3-3. Those results shown that 51% of students in the intervention groups prefer the "seminar", when they were asked with the survey question: "Which is the best approach to deliver the strategies for your self-regulated learning and creative problem solving among the given following approaches". The data shows that seminar approach might be favored by most students in intervention group, and may imply that students like to take the seminar or lecture approach to learning creative problem strategies from instructors even though they may learn from the online materials.
To respond to the survey question: which is the suitable format to deliver the strategies for your self-regulated learning and creative problem solving between the given following two formats, 54% of students in the intervention groups favorite the query format of prompts. The results indicate that question prompts may be considered effective and widely accepted by majorities of students in intervention group.
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Correlation Analysis of question prompts and relevant learning variables
By coding available students' learning process journals and final project reports based on rubrics presented in the previously published ASEE paper by Zheng et al. 20 , the extent to which students use question prompts, and variables of their learning process and learning outcome can be obtained in a quantitative manner. Those process and outcome variables are defined in the previously published ASEE paper by Zheng et al. 20 and shown in Table 4.4 and. Table 4 .4 presents results of the correlation analysis of those variables obtained from students' learning journals and final project reports collected in 2013 implementation.
As shown in Table 4 .4 below, question prompts were related with learning process (r=0.871, p<0.01). The prompts were closely related with three components of self-regulated learning, involving "self-monitoring" (r=0.620, p<0.01), "motivation interest" (r=0.841, p<0.01) and "time planning" (r=0.822, p<0.01). The prompts were also correlated with three components of creative thinking process, including "idea generation" (r=0.396, p<0.01), "seeking help" (r=0.487, p<0.01), and "problem identification" (r=0.697, p<0.01). These results indicate that question prompts are effective in promoting students self-regulated learning and creative thinking in learning process. Furthermore, the question prompts were also correlated with learning outcomes (r=0.616, p<0.01). The prompts were related with components of creative problem solving, such as "innovative solution" (r=0.505, p<0.01), "strategies utilized" (r=0.331, p<0.05), and "alternative solutions" (r=0.348, p<0.05). The prompts were also correlated with the quality of work, such as "proper presentation" (r=0.610, p<0.01) and "problem description" (r=0.653, p<0.01). The analysis also showed that learning outcome were related with learning process (r=0.550, p<0.01). The components of learning outcome were significantly related with learning process (0.547<r<0.947, p<0.01). This means that the better scores of the process of community service learning, the better the learning outcomes is. Those results demonstrated the similar correlation as those Page 26.585.13
obtained in the previous implementation as reported in the previously published ASEE paper by Zheng et al. 20 Page 26.585.14 
Summary and discussion of results
The correlation analysis of data collected from of the implementation in 2012 demonstrated the effectiveness of question prompts to improve students' learning process and learning outcomes 20 . The data collected from the implementation in 2013 further confirm this correlation. Based on the results presented in this paper, the following discussions are made on how different interventions through question prompts might impact students' perception on their skill development and their learning experience.
The data analysis results indicate that with interventions, students in intervention groups became more confident in their own creativity and intelligence. This may be a result of the increase of students' self-awareness of their own creativity or intelligence, which agrees with Gokhale and O'Dea's finding that students in PBSL showed the increased self-confidence and self-esteem 21 .
Comparison among different intervention group shows that the students in the seminar group did not think they gained more knowledge of creative methodology and strategies, and they believed more in fixed intelligence and perceived less importance of creativity. The students in online leaning group (Group C) and the online learning with e-mailed prompts group (Group D) reported their gain in creativity and creative methodology and strategies. The students in Group D even demonstrated the increase in utilizing creativity strategies. It also should be noted that students in Group D did not show more increase in their confidence of being a creative person and knowing about creativity, which is different from those in Group C. This result might be explained by the other reported factors that students in Group D enjoyed very high scores in the items of "creative person"(4.00) and "knowing about creativity"(4.23). In addition, students in Group D also gained more in creative methodology and strategies (effect size = 0.77) than those in Group C (effect size = 0.37). This suggest that students in Group D might recognize more on the importance of the creative methodology and strategies and feel that they still lack enough knowledge, leading to the decrease in their belief of being a creative person and knowing about creativity.
Compared with the seminar group, both Group C and D demonstrated increase in students' recognition of career identity and their perception of the positive influence of increased creativity on their academic performance. The only difference is Group D enjoyed significant growth, while Group C displayed slight increase. The seminar group displayed slight increase in confidence and application of cognitive strategies and question prompts. This indicates that online learning interventions were more effective in enhancing students' career identity, while seminar could enhance student's self-confidence and strategy application. Furthermore, the comparison of the effective size in survey items between Group C and D shows that the online learning with e-mailed prompts was more effective in enhancing students' self-efficacy and creativity.
The satisfaction survey demonstrated that the students in seminar group were more satisfied with question prompts and the delivery method than Group C, but less in those survey items than Group D, in which instructors or facilitators sent e-mails to students to remind them of question prompts. This indicates that the scaffolding through the question prompts is necessary for students. This result is verified by the facts that 51% of students in intervention groups chose the seminar as the preferred delivery approach, and that 54% of intervention group students chose the question prompts as the preferred delivery format. Those facts indicate that students may need the instructor's explanation on the scaffolding Page 26.585.16
and prefer the format of question prompts to facilitate their learning not just facts as statements.
Compared with the result from the first implementation in 2012, the trend of growth in the intervention groups in 2013 is almost the same. Students showed significant higher scores in the perception of "learned creativity in class" and lower scores in "creativity improved". The significant decrease in the perception of "creativity improved" might result from the increased belief in "fixed intelligence".
Conclusions
Results from analysis of available data collected from two rounds of implementing the presented scaffolding framework indicate that scaffolding creative problem solving through freshmen's project-based service learning may enhance student's self-efficacy and their interest in engineering, and promote their learning and application of strategies for creative problem solving. The scaffolding delivered through online learning materials with e-mailed prompts seems to be the most effective method in strengthening students' interest in engineering, magnifying their self-efficacy, and promoting their methodology learning. The scaffolding delivered through seminar (or traditional lecture) may help students apply cognitive strategies and questions prompts and enhance their confidence.
